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TRANSTENT PHENOUENA ON ZT-40%
by
A+« R. Jacobson and C. J,., Buchenauer

INTRODUCTION

This paper examines two aspects of fluctuations in the ZT-40 reversed field
pinch. First, the polarization of the magnetic Ffluctuations in the outer
(vacuum) region 1is discussed. This in turn - provides information on the
wavevectors associated with tha turbulence. = The results provide some clues
about the lozation (in minor radius) of the singular surfaces which are
customarily associlated with fluctuations. Second, the density fluctuaiions are
studied using & multichord interferomeater. We report on the sapatial distribu-
tion (in major radius) of the chord=averagad fluctuations.
POLARIZATION OF MAGHNETIC FLUCTUATIONS AT THE UVALL

External magnetle probes have been used to study the time behavior of the
magnetic fields close to the shell (r = r, = 21.8 cm), outside the ceramic
liner. Both By and B¢ are measurcd simultaneously at two poloidal locations
(sepo=ated by A0 = n), that i3, near the inside and outside in terms of major

radius. The common=mcde and diffcrential=-mede fields are, respectively:
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We reoxpress the diffcecential=mode (#mtinly fluctuating) fleld in terms of
compnnnonts parallel and parpeadicular to the fnstantancous  cowmmon=mode  (mainly

cquilibrium) fleld, vim:
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(ote  that the "parallel" and "perspendicular” coordinate axes are countantly
shifting with the orfentation of ﬁ(”) In the 0=3 murfaced) Ve wish to study the
polarization eatio, Lo, M"<|)/nl(‘\. To exelmde the elfoctky of alow oftaots,
the ratio will actually be deteratoed da teern of  the deetvatives, t.oo.,

w (1) (1)
Hﬁ )/"1 i othe  two detinitions colnel o for o afnple frequeney nodes A turbue-

“Worly pertorned under Hﬁn:nrunrun of the Mee MK,
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lence welghting factor [Bl“)]2 1s used, so that for any given discharge, we

calculate
W
B

The averaging time t 1s a 50 us interval, centercd at peak 0, durianp which both
8 and F are sensibly constant,

The polarization ratio (actually, minus the ratio) is shown in Fig. 1l for a
group of 20 mtorr discharges with peak I¢ between 300 and 500 kA. The abscissa
is F/8 (at peak 6). The first significant feature is that all (but one) of the
discharges have negative ratio 661)/ éfl). It can be shown by simple arguments
that this is a property which would be expected of macnetic fluctuations arising
from E . E = () singular lavers 1ip the pinch. Thut 18, the experimental
polarizatior 1s consistent with resonant (; . g = 0) phennmena, whereas the
opposite pclarization (l.e., positive ﬁﬁl) /ﬁfl)) would not be consistent.

The second significant feature of the data in Fig. 1 1s the trond toward
more parallel fluctuations at deeper reversal (l:ftward on absclssa). Toe 1in-
vercipate thils, we have considered the effect of a single singular layer mode
for the case_ of a Bessel tunccion equilibrium. The mode  has  wavevector

+ > +
k(s k¢¢ + 2 9) such that k « 3 =0 # r = r*, The computed polarization ratios
r

for a single mode (Iln the Bessel function equilibriun model) are shown In Fig. I

for threc csinpular layer locations e*.  Comparison with Fup. 1 shous that the
> »

expuerimental data would bLe consistent with singnlar lavers (k o B = 0) 1in the

outer halt of the ploch, f.o.,
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LOCATION OF BLECTEOY DEGTTY FLUCTUATIONS

The chord=averaged  oloctpron denddty Lo measursd stoultancoualy along bgeven
vortfical pathn, sheun tn Fiee 3 The data can be dbiverenttated In time to pive
: alonr  vach  chord. The o rool=roan=mroree valoeea (o tfme) of theao chords=

avoriayred n

n

o
o'” plve an fadbeation of the voatfal disteibotion (fn offset majov
radius, R = "o) of the fluctations.s Y 4 shows sueh data averaged over 30
{dencical stabtlized ploch daeharea at 20 mtopep () ad o A00 BN Thoe 10
us  averaeiny portod (4 conterod vroamd peall curront, 1t which time the torotdal

Eiold at the wall s (poaft o) 1t The  chopdeaveraved Fluctuations  are
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flurtuating nmln for the ease of Fute=  Seasel Eunctlon oquilibrium.
tion of I/0 (= D at wall)e Lach
data peint in a annrltu Jiacharse,
durinp 50 ya ronterad around pet 0.

pueaked  kowvard  the ontitdes dn/de 1o teaee as Lirge at 2 = Ry = 1804 emoan at
Ro=W, =05 eme The denatey proffle: (oot ahewn), on the wher had,  do onot
puak  at  the edee, bt orey Tosterdy, f12 to within D)% than, the tluctiation
Yovel {n toems of dn/a (5 probably |l".'.'ll':' toward the adeee I the Elucenatiorn

are Ansotrepley, the profile of aswerane ng In Mo 4 wonld Abel teanalforn Tate 1

profile even more atronaly odies=pealed (n pinee radiare Hewever,  the  fratpope
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LOCATION OF CHCRDS FOR Ny d? MEASUREMENTS
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of the fluctuatlons ts untinom, o Abel {aversion of the major riditwg profile-

vould rot be strictly ju-tificd,
The same shot=, chorde, and time=acorage:d data are shoun {n Fige 9 for |-
galf-reversing niach dischnrses at 5 mtere (M) The cdee=re=conter fluctuationm

ratio 135 uwow about 26 The (hellow) demaley prodfles (not sheun) are only about
half as odpe=peakods thos the Claetuatien lovel an/a (0 agnda probably W hoy
touard the edin,
CONGLUSINGS

Easternal  measutencntt ol marnetbe Clactuationg faddon vomafarones with
; s l; =) aitalar Laver of fveess Corpartion with a Becsel Donetton vquf Ty tae

+ »
feptiea thar the oo 3 =0 Lavers wondd Heoan the onter hald of the nlne .,

Chordearortcd  doprity weaagreaeat o o beate edseenonb s o Lhe Bt
Fluctuations. Fho o erttorfa tor b Avel Iaverston e net sety nopetbeless,
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the profileny  (Ia myer vadin)) of chorl=peerauad ngoare cop fareat wtth the

dongfte flactaat ton: Yefae svel o e vt de o mfaor vndine,



RMS dn/dt

100 < t < 200 us
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